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ABSTRACT 
Acetylated sawdust (AS) has been studied as sorbent for crude oil spill clean-up operations 
in the aqueous environment. Sorption kinetics and isotherm studies were carried out under 
various experimental conditions. The experimental data were particularly tested using the 
Langmuir isotherm model and the Freundlich isotherm model. The results showed that the 
acetylation of sawdust enhanced the equilibrium sorption capacity of biomass towards the crude 
oil. Kinetic studies have shown that the data better fitted the Langmuir moldel than the 
Freundlich model. The maximum adsorption capacity of AS was 7.9 g/g of crude oil. These 
values indicated that the acetylated sawdust is a suitable sorbent with potential for further 
development for oil spill treatment. 
Keywords: crude oil, acetylated, sawdust, sorption. 
1. INTRODUCTION 
Oil spill causes a major problem on the environment. Various processes have been 
developed to remove oil from contaminated areas. There are three major classes of oil sorbents, 
namely, inorganic mineral products, organic synthetic products and organic natural products [1]. 
Most commonly used commercial sorbents are organic synthetic products. They have good 
hydrophobic and oleophilic properties, but their non-biodegradability is a major disadvantage 
[2]. 
A wide variety of natural organic products such as rice straw, corn corb, sawdust, kapok 
fiber are presently attractive sorbents for oil spill clean-up application [3, 4]. This is because 
cellulose fiber are inexpensive, biodegradable and posses high mechanical properties. The 
cellulosic products which exist in fibrous form can be easily formed into mats, pads and 
nonwoven sheets for convenient applications. Sawdust is a natural and renewable raw material 
obtained from furniture industry. It was acetylated by acetic anhydride to improve its 
hydrophobic behaviour and sorption capacity. The use of AS is new trend in oil spill clean-up 
studies, and the available scientific information regarding its performance is still scarce. 
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In this study, acetylated sawdust (AS) was selected as a natural organic sorbent. Kinetics of 
the sorption procedure was studied and the pseudo-second-order rate model equation was used to 
describe the method of sorption. 
2. MATERIALS AND METHODS 
2.1. Materials 
The pine sawdust (SD) was collected from local saw-mill. Sawdust was washed with water 
to clean the adhering dirt, rinsed thoroughly with distilled water and finally dried at 70 
o
C for 24 
h. After drying, the sawdust was sieved through -150+90 µm sieve. Acetic anhydride 
(CH3CO)2O, N-Bromosuccinimide (NBS), ethanol, acetone were of laboratory analytical grade 
(China), no further purification before use. The crude oil sample (Dai Hung oilfield) was 
supplied by Research Center for Petroleum Exploration and Production - Vietnam Petroleum 
Institute. 
2.2. Acetylation of sawdust 
The acetylation of sawdust in a solvent free system was carried out using the method which 
was reported in the previous article [5]. Sawdust (1,0 g) and a pre-calculated amount of acetic 
anhydride was put into the flask. The flask was then placed in an oil bath set at the required 
temperature (110
o
C). A certain quantity of NBS were slowly added to the reaction mixture and 
stirred. The experiment was carried out in 90 mins with the weight ratio of sawdust and acetic 
anhydride was 1:20, [NBS] = 2 %, in which the weight percent gain (WPG) of 30.7 % was 
obtained. The sample used was acetylated sawdust at optimum conditions.  
2.3. Equilibrium sorption studies 
For sorption isotherm studies, 0.5 g each of the sawdust and acetylated sawdust was placed 
in 100ml glass beaker containing 50 ml of oil-in-water mixture at 25 
o
C. The concentration of 
crude oil in the beaker varied from 0.225 to 10 g/50 ml of water. The samples were left in the 
mixture for 40 mins with little agitation. The sorbent was then removed from the beaker and the 
excess oil was drained for 5 minutes. The oil sorption capacity (Q) was determined with the 
formula: 
 
where: Q is the oil absorption capacity (g/g), m1 and m2 are the weights of material before and 
after oil sorption. 
The equilibrium sorption of crude oil on sawdust and acetylated sawdust was modeled  
using adsorption isotherms and Microsoft Office Excel version 2007. The two isotherm 
equations adopted in this study to describe the sorption equilibrium are the Langmuir and 
Freundlich models. 
In the sorption kinetics studies, the concentration of oil used throughout the experiment was 
constant at 10 g/50 ml of water. The sorption process was carried out at a different times ranging 
from 5-40 mins. The experimental data were further evaluated based on the pseudo-second-order 
kinetic rate model. 
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3. RESULTS AND DISCUSSION 
The reaction conditions for the samples tested and their Q have also been reported in Table 1. 
Table 1. The acetylation conditions undergone by the samples. 
Sample 
Acetylation conditions 
Time 
(min) 
T (
o
C) %NBS 
SD/acetic anhydride 
ratio (w/w) 
WPG (%) 
Q 
(g/g) 
SD - 25 - - - 2.3 
AS 90 110 2 1:20 30.7 7.6 
3.1. Equilibrium sorption studies of sawdust and acetylated sawdust 
3.1.1. Effect of contact time 
Crude oil uptake was studied in batch experiments. It is seen from the Figure 1 that the 
samples exhibit similar oil uptake behavior. Oil sorption capacity curves show similar shape but 
differ in size and position. It is known that the crude oil uptake increases with time up to a 
certain point and then it becomes constant. As known in Figure 1, crude oil sorption occurs with 
a high rate at the first 30 minutes, then slows down and reachs equilibrium (or near equilibrium 
state). This effect may be due to sorption on first surface which then start to penetrate the inner 
microscopic voids.  
  
Figure. 1. Effect of sorption time on oil sorption 
capacity). 
Figure. 2. The pseudo-second-order rate equation 
model. 
3.1.2. Kinetic of sorption 
Many kinetic models have been proposed to elucidate the mechanism of solute adsorption. 
These kinetic models are useful for the design and optimization of effluent treatment process. In 
order to investigate the sorption kinetics of crude oil on SD and AS, the experimental data 
obtained were further tested with pseudo-second-order rate expression. The linearized form of 
the pseudo second order model is: 
t
qqkq eet
111
2
2
 
where k2 is the second order rate constant (g/mg.min). 
 
 
Nguyen Trung Duc et al. 
 
204 
A plot of t/qt vessie t should be linear if the adsorption follows pseudo-second order. qe and 
k2 can be calculated from the slope and intercepts of the plot. Figure 2 shows the pseudo-second-
order plot for the sorption of crude oil at various oil concentration. A linear relationship was 
observed for the SD and AS samples. The value of the sorption capacity qe, the pseudo-second-
order rate constant k2 and the correlation coefficient R
2
 were evaluated from the plot and 
presented in Table 2. 
   
Figure 3. Pictures for the cleanup of crude oil from water. (a) Acetylated sawdust; (b) the oil was 
adsorbed by AS; (c) the oil- loaded AS was picked up. 
The data showed that acetylation of sawdust enhances the equilibrium sorption capacity of 
the sawdust towards the crude oil. The sorption mechanism is a fast and stable process which 
means that sorption also took place inside the pore matrices of the modified sawdust created by 
the crosslinking effect of the two carbonyl groups present in this modified material. 
Furthermore, the correlation coefficient R
2
 for acetylated sawdust was found to be 0.9993 
indicating that the sorption process was that of chemisorption and that the acetylated sawdust is 
suitable sorbent for oil sorption. 
3.2. Sorption isotherm studies 
 The sorption isotherms of crude oil on the samples were studied at a constant 
temperature of 25 
o
C. The increase in the Q of the SD and AS indicated that the oil removal was 
dependent on the initial oil concentration. As oil concentration increases, the sorption capacity of 
SD also increased until it reached a plateau. Figure 4 illustrates the sorption isotherms of the SD 
and AS. The effect of acetylation is also observed in the chart. 
 
Figure. 4. The sorption isotherm of SD and AS. 
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Among several models that have been published in the literature to discribe experimental 
datas of adsorption isotherms, Langmuir and Freundlich isotherm models were used to describe 
the datas obtained. These isotherms relate the amount of oil sorbed at equilibrium per unit 
weight of sorbent qe (mg/g) to the oil concentration at equilibrium Ce (mg/l). 
3.2.1. Freundlich model 
The Freundlich isotherm which is an emperical equation used to describe heterogeneous 
systems can be expressed in its logarithmic form as: 
loge(qc) = 
n
1
logeCe + logekF 
where kF and 1/n are Freundlich constants related to adsorption capacity and adsorption intensity 
of the sorbent, respectively. qc is the amount adsorbent at equilibrium (mg/g), Ce is the 
equilibrium concentration of the crude oil. The values of kF and 1/n are calculated from the 
intercept and slope respectively. 
The plot of log(qc) vs log(Ce) does not give straight line (Fig. 5), indicating that the sorption 
of crude oil on SD and AS did not follow the Freundlich isotherm. The isotherm constants and 
their correlation coefficient, R
2
, are listed in Table 2. 
  
Figure 5. Freundlich isotherm model. Figure 6. Langmuir isotherm model. 
3.2.2. Langmuir isotherm 
The Langmuir adsorption isotherm assumes that adsorption takes place at specific 
homogeneous sites within the adsorbent, and it has been used successfully for many adsorption 
processes of monolayer adsorption. The linearized Langmuir equation is: 
e
e
e C
aabq
C 11
 
where Ce is the equilibrium concentration of the oil (mg/l), qe is the amount of oil adsorbed per 
unit mass of sorbent (mg/g). a and b are Langmuir constant related to adsorption capacity and 
rate of adsorption, respectively.  
The plot of Ce/qe vs 1/Ce gave straight line (Fig. 6) with correlation coefficients 0.9969 and 
0.9989, showing that the sorption of crude oil on SD and AS follows the Langmuir isotherm 
more closer than that of the Freundlich isotherm. The Langmuir constants a and b were 
evaluated and their values recorded in Table 2. 
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Table 2. Table of the values of the Langmuir, Freundlich and pseudo-second-order rate models. 
Sample 
Langmuir model Freundlich model Pseudo-second-order model 
a b R
2
 k n R
2
 k2 qe R
2
 
SD 0.3226 0.8738 0.9969 -1.108 2.1322 0.9635 0.0587 3.4395 0.9571 
AS 0.1263 0.0147 0.9989 6.233 4.3253 0.969 0.0361 8.4890 0.9795 
Based on the correlation coefficient values R
2
, it can be concluded that the experimental 
data better fitted the Langmuir model than the Freundlich model as the R
2
 values of Langmuir 
model tend to be much closer to 1 than those obtained form the Freundlich isotherm. Therefore, 
the adsorption can be described as monolayer and the Langmuir theoretical monolayer sorption 
capacity a for AS is 7.9 mg/g. The values of the correlation coefficient indicated that the sawdust 
is an excellent natural material for the removal of crude oil from aqueous environment. 
4. CONCLUSION 
Acetylated sawdust was used as sorbent for crude oil removal from water. The crude oil 
uptake may be enhanced more rapidly toward modified sawdust. The Freundlich and the 
Langmuir models have been used to explain the sorption behavior of crude oil on SD and AS. 
The results showed that the experimental databetter fitted the Langmuir model than the 
Freundlich model. Kinetic studies have also shown that the pseudo-second-order kinetic model 
is favourable and the sorption process is chemisorption. The AS prove to be effective in oil clean 
off from water as it virtually removed the crude oil from it. 
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